Background We sought to investigate the frequency of wake-up stroke (WUS) and its association with sleep-disordered breathing (SDB) in women.
Patients with wake-up stroke (WUS) represent a particularly challenging group for treatment because of strict time eligibility criteria for thrombolytic therapy, and are the target of much research. 1 Sleep-disordered breathing (SDB), found in the majority of patients poststroke, 2 has been hypothesized to be causally linked to WUS. 3 Three small studies (n = 71-88 with physiologic SDB assessment) that excluded severe stroke patients have suggested a higher prevalence of SDB in those with WUS than those without, 4, 5 although this finding was limited to men in one of the studies. 6 Overall, the relationship between SDB and WUS has not been well-characterized and data have not been population-based. In this study, we identified women from a population-based stroke study to assess the prevalence of WUS using patient interviews, and assessed the association between poststroke SDB and WUS accounting for potential cofounders, including prestroke sleep duration, an important factor not previously considered.
Methods
Detailed methods of the Brain Attack Surveillance in Corpus Christi (BASIC) Project have been published. 7 Briefly, active (screening of admission logs, wards, and intensive care units) and passive (screening of ICD-9/ ICD-10 codes) surveillance were used to identify stroke patients from all acute care hospitals in Nueces County, Texas. Residents of Nueces County ≥45 years of age with an ischemic stroke (January 1, 2012, to May 5, 2016) were offered study enrollment and baseline interviews were performed as soon as possible poststroke. Demographics and medical history were ascertained from medical records (age, risk factors, body mass index, and initial stroke severity) and from patient interviews shortly after enrollment (race/ethnicity, smoking, alcohol, self-report of prestroke depression, prestroke sleep duration ["How many hours of sleep do you usually get a night (or when you usually sleep)?"], and Berlin questionnaire). WUS was determined with the question "Did your first stroke symptoms come on while you were asleep? That is, did you awaken with the symptoms?" Response options were: (1) Yes, the symptoms came on while I was asleep for the night; (2) Yes, the symptoms came on while I was taking a nap; (3) No, the symptoms came on while I was awake; or (4) I don't know. This question was included in an interview module asked only of women. Participants answered for themselves; no proxy interviews included this question.
Participants enrolled in BASIC were offered enrollment into an SDB substudy for SDB screening if they were identified within 30 days of symptom onset through active surveillance, or within 45 days if identified through passive surveillance. Participants were excluded from the SDB substudy for pregnancy or current use of oxygen, mechanical ventilation, or positive pressure ventilation.
SDB screening was performed with the well-validated ApneaLink Plus, 8 a home sleep apnea test that monitors nasal pressure, oxygen saturation, pulse, and respiratory effort. Detailed methods and settings used in the BASIC SDB substudy have been published, including definitions for apneas and hypopneas. 9 The respiratory event index (REI) was estimated as the number of apneas and hypopneas per hour of recording, and an REI ≥10 was considered evidence of SDB. With this threshold, the device has a very high sensitivity and specificity. 8 Participants' demographic and baseline characteristics were compared by WUS and non-WUS status with χ 2 and Kruskal-Wallis tests, as appropriate. Logistic regression was used to test the unadjusted and adjusted association between REI or SDB and WUS only among Mexican Americans and non-Hispanic whites, as other race/ethnicities had too few participants for inclusion. Sequential models were built with prespecified covariates as displayed in the results tables. Because missingness was so infrequent, casewise deletion was used. SAS version 9.3 (SAS Institute, Cary, NC) was used for analyses.
Standard protocol approvals, registrations, and patient consents Written informed consent was obtained from each participant and the study was institutional review board-approved by the University of Michigan and both local hospital systems.
Results
Of 1,034 women with validated ischemic strokes, 730 were interviewed; 466 answered the WUS question (246 women were interviewed via proxy and were not asked WUS information). As expected, participants who were directly interviewed had lower median NIH Stroke Scale scores than those who had proxy-based interviews (3.0 [interquartile range (IQR) 1.0, 6.0] vs 11.0 [IQR 4.0, 19.0]). The 466 respondents were interviewed at a median of 6.5 days (IQR 3, 15) from stroke symptom onset. Of these respondents, 118 (25.3%) had the onset of stroke symptoms during nocturnal sleep, 18 (3.9%) during a nap, and 307 (65.9%) during wakefulness; 23 (4.9%) were uncertain. Characteristics of all respondents with known onset (n = 443) are found in table 1, and for those who completed an SDB screening test (n = 259, median 11 [IQR 5, 17] days from stroke symptom onset), in table 2. Clinical characteristics were similar between participants with and without WUS. SDB (REI ≥10) was present in 53% of participants overall with no difference between WUS and non-WUS The 466 respondents were interviewed at a median of 6.5 days (IQR 3, 15) from stroke symptom onset.
participants (table 2) . WUS was not associated with REI (table  3) or SDB (table 4) in models unadjusted or adjusted for potential confounders. Congestive heart failure was positively associated with WUS (tables 3 and 4).
Discussion
This population-based study identified WUS in almost a third of female stroke patients, affirming its clinical significance, but did not demonstrate an association between WUS and SDB or REI. These relationships were not confounded by prestroke sleep duration or prestroke depression. In fact, women with and without WUS were generally clinically similar, except for an association between heart failure and WUS. Although this novel finding requires additional investigation, speculative explanations could include atrial fibrillation or hypercoagulability. 10 Of note, in our fully adjusted model, atrial fibrillation was not significant. Our findings extend prior work through use of a much larger sample, population-based study design, ethnically diverse sample, and adjustment for a potentially important confounder, prestroke sleep duration, not previously addressed. The difference in our results compared with those of previous studies may be due to differences in study design or to a true association between WUS and SDB in men but not women. The respective study populations could also differ, although our study sample showed similar age and baseline stroke severity to those reported in previous studies that did demonstrate an association between WUS and AHI. [4] [5] [6] Our negative finding is consistent with the results found in women in the only prior study that performed a sex-specific analysis. 6 Importantly, the inclusion of strokes with onset during non-nocturnal sleep (naps) added almost 5% to the estimate of WUS in this study. Stroke onset during nonnocturnal sleep is often ignored 4 and thus generates an underestimate of WUS. The estimate provided by this and some studies 4, 6 suggests that WUS is higher (;one-third) than other studies suggest. 3, 5 Our result is also in keeping with estimates from the large International Stroke Trial.
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In this study, participants with WUS had a milder presentation (e.g., more presented fully conscious, and more had lacunar syndromes) than non-WUS participants. In contrast, other studies that limited enrollment to milder stroke patients did not find differences in stroke severity at presentation. 4, 5 Furthermore, a population-based study found more severe stroke severities at presentation among Table 3 Association between respiratory event index (REI) modeled continuously and wake-up stroke (n = 259), unadjusted and sequentially adjusted for potential confounders Importantly, the inclusion of strokes with onset during non-nocturnal sleep (naps) added almost 5% to the estimate of WUS in this study.
WUS participants. 12 However, this analysis was based on chart review rather than patient or family interview. Whether absent or less accurate stroke onset information from more severe stroke patients has substantially biased the literature is therefore unclear.
Limitations include absence of full polysomnography. The ApneaLink does not provide information about sleep or arousals; thus, severity of SDB may have been underestimated for some patients, such as those with substantial insomnia. However, the ApneaLink is well-validated and should not function differently between WUS groups. The stroke symptom onset question was asked only of women, but stroke disproportionally affects women, and sex-specific risk factors require better understanding. Participants with proxy interviews who were excluded from the current study had more severe strokes than those who participated in the BASIC interview and SDB substudy, which could have introduced selection bias. However, stroke severity is not associated with poststroke SDB in this and other populations. 13, 14 Nevertheless, because our sample included generally mild severity strokes, our results may not be generalizable to more severe female stroke patients. Other differences between participants and nonparticipants may exist that could have influenced the observed associations. However, our sample was representative of the overall BASIC population in demographics and clinical characteristics except for having a slightly higher representation of Mexican Americans and therefore a higher prevalence of diabetes, and therefore is likely reflective of the Corpus Christi community given the population-based nature of the study design. 
